Studies on the Aza-Knoevenagel-type Reaction、 Knoevenagel Reaction Based on Amide and Reductive Functionalization of Amide by Metal Catalysis by 欧伟
 学校编号：10384                            分类号：       密级       
学    号：20520130153837                                  UDC       
 
 





Studies on the Aza-Knoevenagel-type Reaction、 
Knoevenagel Reaction Based on Amide and Reductive 




指导教师姓名： 黄培强 教  授 
专 业 名 称： 有 机 化 学 
论文提交日期： 2016 年 12 月 
论文答辩时间： 2016 年 11 月 
学位授予日期： 2016 年 12 月 
 
答辩委员会主席：温庭斌 教授 
评 阅 人：厍学功、李昂、洪然 


















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于 
   年  月  日解密，解密后适用上述授权。 
（     ）2.本论文所涉及的部分研究成果已申请专利，部分研究
成果尚未公开发表，因此本论文全文需保密  年，于    年  月  日
解密，解密后适用上述授权。 





                                  声明人： 


















第一章 引言…………………………………………………………………… 1 
第二章 酰胺背景介绍………………………………………………………… 9 
第三章 酰胺直接合成 β, β-二官能化烯胺酯(酮)的 Aza-Knoevenagel-type
反应研究………………………………………………………………………… 
30 
第一节 文献回顾………………………………………………………… 31 
第二节 研究计划………………………………………………………… 35 
第三节 结果与讨论……………………………………………………… 37 
第四节 本章小结………………………………………………………… 59 
第五节 实验部分………………………………………………………… 61 
参考文献………………………………………………………………… 98 
第四章 叔酰胺还原 Knoevenagel 反应研究………………………………… 103 
第一节 文献回顾………………………………………………………… 104 
第二节 研究计划………………………………………………………… 109 
第三节 结果与讨论……………………………………………………… 110 
第四节 本章小结………………………………………………………… 121 
第五节 实验部分………………………………………………………… 122 
参考文献………………………………………………………………… 139 
第五章 铱/ 铜双金属催化叔酰胺还原炔基化反应研究…………………… 141 
第一节 文献回顾………………………………………………………… 142 
第二节 研究计划………………………………………………………… 150 
第三节 结果与讨论……………………………………………………… 151 













 第五节 实验部分………………………………………………………… 187 
参考文献………………………………………………………………… 229 
附录: 转博前硕士阶段工作       指导教师： 叶剑良  副教授 
5-烷基特特拉姆酸(酯)的合成方法学研究………………………………… 
234 
第一节 文献回顾………………………………………………………… 235 
第二节 研究计划………………………………………………………… 238 
第三节 结果与讨论……………………………………………………… 239 
第四节 本章小结………………………………………………………… 245 


















ABSTRACT (in Chinese)…………………………………………………… I 
ABSTRACT (in English)…………………………………………………… V 
List of Abbreviation………………………………………………………… IX 
Chapter 1 Preface…………………………………………………………… 1 
Chapter 2 Amide Background Introduction………………………………... 9 
Chapter 3 Studies on the amide-based Aza-Knoevenagel-Type reaction: a 
Direct Access to β,β-Difunctionalized Enamines…………………………… 
30 
3.1 Review of the Reported Methods …………………………....……… 31 
3.2 Research Plan ...........………………………………………………… 35 
3.3 Results and Discussion…………………………………………….… 37 
3.4 Conclusions of This Chapter………………………………………… 59 
3.5 Experimental Section………………………………………………... 61 
References………………………………………………………………... 98 
Chapter 4 Studies on the Knoevenagel Condensation based on Reductive 
of tert-amides……………………………………………………………………………. 
103 
4.1 Review of the Reported Methods …………………………....……… 104 
4.2 Research Plan ...........………………………………………………… 109 
4.3 Results and Discussion………………………………………………. 110 
4.4 Conclusions of This Chapter………………………………………… 119 
4.5 Experimental Section………………………………………………… 121 
References……………………………………………………...………… 139 
Chapter 5 Studies on the Reductive Alkynylationof Tertiary Amides By Ir 
and Cu(I) Bis-Metal Sequential Catalysis……………………………........... 
141 
5.1 Review of the Reported Methods …………………………....……… 142 
5.2 Research Plan ...........………………………………………………… 150 
5.3 Results and Discussion……………………………………………..... 151 













 5.5 Experimental Section……………………………………………….... 187 
References……………………………………………………...………… 229 
Appendix: Master’s work   Adviser: Ye Jian-Liang  associate professor  
;Study towards Reaction Control: an Expeditious Access to Racemic 
5-Substituted Tetramates and 5-Substituted Tetramic Acids from 
Malimides...........……………………………………………………………… 
234 
1.1 Review of the Reported Methods …………………………....………. 235 
1.2 Research Plan ...........…………………………………………………. 238 
1.3 Results and Discussion……………………………………………….. 239 
1.4 Conclusions of This Chapter…………………………………………. 245 
1.5 Experimental Section…………………………………………………. 246 
References……………………………………………………...………… 255 












































外一种选择途径。此工作发表在 Chem. Commun. 2014, 50, 8761-8763; Org. Chem. 
























忍性(能容忍 CN, CO2R)，而且实现了金属催化的叔酰胺还原 Knoevenagel 反应。



























此工作部分发表在 Chem. Commun. 2016, 52, 11967-11970。 
 
 











































Functional group is the core of organic compounds, because it not only 
determines the properties and applications of organic compounds, but also influences 
the reaction types of organic compounds. Studying on functional groups pushes the 
continuous development of organic chemistry to some degree. From the perspective 
of Organic Name Reactions, it is the study of the chemistry of functional groups. 
Alkenes, alkynes and aldehydes, ketones, esters and other functional groups in 
organic chemistry have been widely used in organic synthesis. Amide group is also a 
common functional group in organic chemistry. While the reaction about 
transformation of amide group which is usually used as a directing group for C-H 
activation in recent year is rare to be found, since strong resonance effects between 
the C=O group and the vicinal nitrogen lone pair in amides significantly lower the 
electrophilicity of the C=O group. This is not only greatly restricts the transformation 
of C-H activation product, but also limits the application value of the amides which 
are easily available and highly stable carbonyl compounds in organic synthesis. 
Consequently, it is of great significance to develop high-efficiency methods for 
activation of amides and the direct transformation of amides into other functional 
groups. 
Our group has accumulated rich experience in the research on the C-C bond 
formation of amides based on amide activation by trifluoromethanesulfonic anhydride 
(Tf2O) in recent year. We have further developed the direct efficient transformation of 
amides on the basis of stoichiometric Tf2O, and meanwhile we have realized the 
activation of amides from the stoichiometry to metal catalysis which opened up the 
research and application of metal catalysis in the transformation of amides, in 
particular the formation of C-C bonds and its application. The main results and 
observations from these studies are listed as follows. 
1. Developed an Aza-Knoevenagel-type condensation based on amides as 
electrophilic reagent (Chapter 3) 
   We have developed general one-pot Aza-Knoevenagel-type reactions of amides. 
The method is based on the in situ activation of amide carbonyl with triflic anhydride 
and a subsequent reaction with carbanions generated in situ from carbonyl compounds 















were run under mild conditions, which allow a chemoselective reaction at an amide 
group in the presence of the reactive functional groups such as aldehydes and esters. 
The wide substrate scope and mild reaction condition made this method general for 
the synthesis of a variety of highly functionalized N-containing compounds. The 
method also was an alternative to the versatile thioamide-based Eschenmoser sulfide 
contraction. This work was published in Chem. Commun. 2014, 50, 8761-8763; Org. 
Chem. Front. 2015, 2, 1094-1106. 
 
 
2. Developed a Knoevenagel condensation based on reductive of tert-amides 
(Chapter 4) 
A Knoevenagel condensation was developed based on partial reductive of 
tert-amides to aldehyde equivalent using mild reduction system. This method 
provided a new idea for the conversion of amide by capturing the intermediate of the 
partial reductive of tert-amides. Meanwhile, this method extended the substrate of the 
Knoevenagel reaction to the tertiary amide. The reaction also could be used as the 
mask of an amide as an aldehyde. To some extent, amide could be used as the mask 
(protective group) of aldehyde through this reaction. By introducing different 
reduction systems, not only the reaction had high yield and good functional group 
tolerance (CN, CO2R), but also it realized metal catalyzed reductive-Knoevenagel 
reaction of tertiary amide. However, the scope of substrates were limited. The reaction 

















3. Developed a method for reductive alkynylation of tertiary amides by Ir and 
Cu(I) bis-metal sequential catalysis (Chapter 5) 
   A convenient and versatile method for the direct reductive alkynylation of tertiary 
amides with weak reductant silane was developed to give propargylic amines by 
means of sequential Ir-catalysed hydrosilylation - Cu(I)-catalysed alkynylation. The 
method is general for tert-amides with or without -hydrogen. This reductive 
alkynylation of tertiary amides realized the C-C bond formation of terminal alkynes 
with amide carbonyl through terminal alkyne playing alkynyl-metal reagent 
equivalent role in the reaction. With the alkynes which were cheap, easily available 
and relative stability alternatives to traditional organic metallic reagent, it was not 
only a novel concept, but also a practical method to overcome the difficulties in the 
sources, storage and operation of metallic reagents. A combination of the above 
feature with the excellent functional group tolerance and mild condition of the 
reaction provided a valuable tool for the synthesis of key intermediates of alkaloids 

















4. Study towards reaction control: an expeditious access to racemic 5-substituted 
tetramates and 5-substituted tetramic acids from malimides (Appendix: master’s 
work) 
We have demonstrated for a versatile and divergent two-step transformation of 
malimides to racemic tetramates and tetramic acids. The method consists of Grignard 
reagent addition with malimides to give hemiaminals and concentrated HCl-promoted 
chemoselective transformations of the latter. The work also constitutes a formal 
racemic total synthesis of (±)-reutericyclin. Meanwhile, the reaction was also a 
supplement and improvement to the study of the malimides by our group. We have 
realized that by judicious selection of reaction conditions, different reaction products 
were obtained. This work was published in Chin. J. Chem. 2015, 33, 655-662. 
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Ac acetyl/ 乙酰基 
Allyl propylene / 烯丙基 
aq. 水溶液 
Ar aryl/ 芳基 
atm atmosphere/ 大气压 
Bn benzyl/ 苄基 
Boc t-butoxycarbonyl/ 叔丁氧羰基 
CAN cericammomium nitrate/ 硝酸铈铵 
Cbz benzyloxycarbonyl/ 苄氧羰基 
2-Cl-Pyr 2-chloropyridine/ 2-氯吡啶 
DCM dichloromethane/ 二氯甲烷 
DIBAL-H diisobutylaluminum hydride/ 二异丁基氢化铝 
DIPEA diisopropylethylamine/ 二异丙基乙基胺 
DMAP 4-N,N-dimethylaminopyridine/ 4–N,N–二甲氨基吡啶 
DMF N,N-dimethylformamide/ N,N–二甲基甲酰胺 
DMSO dimethylsulfoxide/ 二甲基亚砜 
DTBMP 2,6-di-tert-butyl-4-methylpyridine/ 2,6-二叔丁基-4-甲基吡啶 
EtOAc ethyl acetate/ 乙酸乙酯 
ESI electrospray ionization/ 电喷雾电离 
2-F-Py 2-fluoropyridine/ 2-氟吡啶 
HEH diethyl 1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate/ 2,6-二
甲基-1,4-二氢-3,5-吡啶二羧酸二乙酯 
HMDS hexamethyldisilazane/ 六甲基二硅胺 
HRMS high-resolution mass spectroscopy/ 高分辨质谱 
IR infrared/ 红外 
LAH lithium aluminum hydride/ 氢化铝锂 















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
